Adsorption-based separations have been widely employed in industrial processes for the purification of the less retained compound. More recently, they have gained increasing attention as CO2 capture technology: Indeed solid physisorbents share the advantage of being nonvolatile and having potentially low energy consumption. Additionally, the cyclic nature of the process allows for a high degree of flexibility, which can cope with different CO2 contents in the feed as well as different separation performances, so that even the strictest requirements may be met. Nevertheless, this separation process has to be redesigned when adopted for the recovery of CO2: Because of the strong selectivity, CO2 is among the more retained compounds, whilst the conventional adsorption-based processes provide the less retained compound as product. Two main adsorption-based processes, which are different in term of the sorbent regeneration methodology, have been mainly investigated: pressure swing adsorption (PSA) and temperature swing adsorption (TSA). On the one hand, PSA systems are best suited for pre-combustion applications, where the gas flow comes to the adsorption unit already at high pressure; on the other hand, the low temperatures required for thermal regeneration combined with the possibility of using available waste heat, put forward TSA solutions for post-combustion capture. Although the research on sorbent materials has suggested that remarkable improvement margins may lie in the synthesis of new sorbents, also the design of the process, in terms of both the geometry and the operation of the fixed-bed units, allows for significant performance increase. A few aspects, in particular, hold vast potential in order to make adsorption-based processes competitive and, eventually, better performing than the absorption processes with amines solutions, i.e. the most established technology at present time.
less retained compound. In the specific case of CO2 capture, the inevitable presence of water vapour poses a threat to the exploitation of the adsorbent cyclic capacity, since most highly selective CO2 sorbents feature an even stronger selectivity towards H2O molecules. In precombustion applications non-negligible amounts of other species, like CO and CH4, might be adsorbed and affect the CO2 purity. Combining layers of different sorbent materials within a single fixed-bed is a technology which has already been proposed both to operate internal drying (Nastaj and Ambrozek 2015) and to treat multicomponent mixtures (Park et al. 1998 ); nonetheless, a fine tuning of the process requires both a deep understanding of the interaction between the gas mixtures and the different materials and optimization tools suited to the definition of the lengths of the different layers.
Process design: Heat integration
The availability of waste heat in industrial and power plants makes TSA-based process particularly attractive for post-combustion CO2 capture. From our modeling results, regeneration temperatures of about 150°C are high enough to reach breakthrough purity and recovery performance with commercial sorbents; at the same time, they can be perfectly combined with the recovery of the waste heat available in the plant (e.g. CO2 compression and flue gas cooling). Furthermore, the cyclic nature of the process requires multiple units to operate in parallel, opening doors to potential internal heat (Kemp 2007) . Applying both strategies a reduction of about 30% in energy consumption may be expected (as shown in Figure 1 ).
Process optimization
The optimal configuration of an industrial application corresponds to the minimization of its cost, which derives from the sum of capital costs (CAPEX) and operating costs (OPEX). For adsorption-based CCS processes, the former are related to the size of the plant, which is directly proportional to the amount of adsorbent needed to capture a certain fraction of CO2 out of a gas flow (i.e. productivity index); the latter are instead proportional to the amount of energy required to operate the separation (i.e. specific energy consumption). Advanced tools are needed to deal with such a complex multi-object process optimization problem, where the constraints are drawn by the desired separation performances (in terms of recovery and purity) and many different degrees of freedom are to be considered, ranging from the adsorbent properties to the unit design specification, from the operating conditions to the configuration of the cycle.
With this contribution, we will show how these key issues affect the performance of adsorptionbased processes for CO2 capture. Modeling and simulations will be complemented by experimental results.
